This paper presents longitudinal evaluation results for an online participatory examination process in an information systems course over three semesters. The exam process includes students making up questions, answering other students' questions, grading answers to questions they author, and appealing the grades. The surveys following each exam elicited students' feedback, and an experiment compared the participatory exam with the traditional exam in the third semester. Survey results reveal that the majority of students have favorable attitudes towards the participatory exam, and would recommend the participatory examination for future courses. Students in the participatory exam enjoyed the process significantly more than students in the traditional exam, and have higher overall preference for the exam mode, although their perceived learning and perceived fairness in grading are lower than with the traditional exam. Discussion and future research on this topic are also presented.
I. INTRODUCTION
With the proliferation of the Asynchronous Learning Networks (ALN) technologies and pedagogy, "Virtual Classrooms™" [1] as predicted by researchers in the 1980s have become a reality. Eighty-one percent of all US institutions offered online courses by 2003 [2] , and online learning is growing rapidly in the rest of the world [3] . In addition to providing "anytime, anywhere" accessibility, the online environment has shown advantages in supporting a variety of pedagogies and learning activities, with constructivist and collaborative learning found to be appropriate for this medium [4, 5] .
When it comes to exams, however, the traditional instructor-centered examinations still dominate, where the instructor takes full control of the exam process by designing questions, proctoring exams, and grading the answers. Distance-learning students often have to travel to exam centers or take proctored exams. Can we take advantage of ALN to conduct exams so students can enjoy "anytime, anywhere" flexibility as well as maximize their learning through the exam? To address this question, three participatory online exams were conducted at NJIT in contiguous semesters (Fall 1999 , Spring 2000 and Fall 2000 , following a similar, but continuously refined process. The purpose of this paper is to describe the procedures used so that they could be replicated by others, and to present the longitudinal evaluation results of the participatory exam over the three semesters.
Traditional instructor-controlled exams reflect the objectivist learning model [6] , where learning is regarded as the uncritical absorption of objective knowledge transferred from the instructor to students. New assessment approaches are proposed based on constructivist theory, in which knowledge is constructed actively by learners [7] . The constructivist model calls for learner-centered instruction [8] . In assessment, constructivism advocates learner-centered, non-criterion forms of assessment. The role of the instructor shifts from controlling the whole examination process, to supporting, guiding, and facilitating students' activities. For example, learner-centered assessment [9] , and classroom assessment [10] propose to shift the attention from instructors and teaching to students and learning in assessment.
With the recognition of the constructivist nature of ALN, a small number of studies have been conducted to incorporate student active participation into the assessment process online. With the use of Group Support Systems (GSS), students' participation has been integrated into various phases of online assessment, such as development of a grading scheme [11] , question composition [12] , collaborative question answering [13] , and peer and self-grading [14] .
Based on constructivist learning theories, the participatory examination discussed in this paper features students' involvement in various phases of the exam process. Each student contributed and interacted with other students throughout the process, and the exam was conducted through cooperation with the whole class. While the term "Collaborative Examination" was used in prior publications describing the same exam process [15, 16, 17] , in this paper "Participatory Examination" is used in accordance with the authors' subsequent studies [18] and others' publications [19] .
This rest of the paper is organized as follows. Section II introduces the course where the exams were conducted, the exam procedures, and the ALN tools used in conducting the online exam. The research model, hypotheses, and the research design are presented in Section III. Research findings are organized into two sections: Section IV presents the survey results for the participatory exam, and Section V presents the field experiment results comparing the participatory exam with a traditional exam. Discussions, conclusions, and future research are included in Section VI.
II. COURSE BACKGROUND, EXAM PROCEDURES, ALN TOOLS

A. Course Background
The online participatory examinations in this study were conducted in CIS677, a graduate-level course offered in the Information Systems Department in a U.S. university in Fall 1999, Spring 2000 and Fall 2000 semesters (hereafter referred to as semesters I, II and III). Masters and Ph.D. students majoring in computer science and information systems were enrolled in the course. The course studies how people and organizations should use information technologies effectively. It highlights both the current and the foundation research literature in the field of information systems. The course covers one topic for each lecture, with related textbook chapters and articles as instructional materials. There are two sections of the course: a traditional classroom or "Face-to-Face" (FTF) section where students meet once a week and a Distance-Learning (DL) section where students watch videotapes of the lectures. Students in both sections are required to participate in online discussions, which were on Virtual Classroom™ (VC) in semester I and WebBoard™ in semesters II and III.
B. Examination Procedures
Previously, one exam was scheduled in the middle of the semester for CIS 677. It was a three-hour inclass proctored exam of 3-4 essay questions, with six pages of notes allowed. Based on constructivist learning theories and studies of constructive learning in ALN [7, 20] , the participatory examination was designed as an entirely online process featuring students' active participation in all phases of the exam process. The basic procedures of the participatory and traditional examination are contrasted in Figure 1 .
Figure 1. Comparison between the Participatory and Traditional Exam Procedures
Students began by composing essay questions. One question was required in semester I, and two questions in semesters II and III. While students reviewed all the questions posted online, the instructor reviewed and edited questions when necessary. Next each student selected (in semester I) or was assigned one question (in semester II) or two questions (in semester III) and answered them. Answers were restricted to 1250 words. Fourth, the student who created the question graded the answer and provided a justification of the grading. Each grade was broken into six sub-grades for the following criteria: framing of the answer, considering all sides of the issue, use of references, synthesis of these references, justification of points made, and overall answer quality. The professor gave detailed grading guidelines for each criterion. Students had access to these from the start of the exam process, so they knew what level of detail would be expected. As an optional step, Ph.D. students enrolled in the course did a second round of grading (not shown in Figure 1) , and then the instructor provided a final grade. If the scores of the grader and second round reviewer were within a few points of each other, the instructor assigned the higher score. If the two disagreed, the instructor graded the question himself. Lastly students could contest the grades by evaluating their own answers and providing a detailed justification. The instructor resolved disputes by either keeping or adjusting the grades.
Two important features that are worth emphasizing are the disputes and the ability to read peers' comments throughout the exam process. Disputes are an especially important feature, as they help ensure the fairness of the participatory exam, especially when instructors do not review answers where the two student graders are in basic agreement. If a student believes the peer evaluations were incorrect a dispute will ensure that the instructor focuses adequate attention to this particular answer. Another important feature that the ALN environment provided is that students could read everything their peers postedquestions, answers, grades and disputes-and many did. We believe this is a vital aspect of constructivist learning as students think over their peer's understandings. McConnell, for example, found that knowing that their peers would read their assignments motivated student learning [21] .
Based on students' feedback elicited from the first survey and instructor's experience, the following changes were made in the second semester:
• The process was made anonymous;
• Two essay questions were solicited instead of one;
• Students were assigned a time-slot to reserve two questions for answering;
• The entire process was streamlined to 3.5 weeks.
Unfortunately, there was a system crash during the question reservation procedure in semester II. To try to recover from lost time and lost postings, the instructor asked students to select and answer only one question each and graders had to be reassigned to make sure every student graded one question.
In semester III, the following modifications were made to the online exam process based on the experiences from the first two semesters:
• Students were asked to post two questions on two different topics in the course;
• To avoid system congestion, the instructor assigned two questions to each student. Students were asked to look at all the questions to avoid posting identical questions; • The whole process was streamlined to three weeks.
In addition, a traditional in-class exam was given to half of the students (the control group) in semester III. The instructor, matching the number of questions that students in the participatory exam had, designed two open-ended questions. That exam was closed book, but students were allowed to bring six pages of notes for the traditional exam. Students had three hours to answer the two questions, and the maximum length of the answers was limited to five pages, which was roughly equivalent to the 1250 word limit of the participatory exam. Grading guidelines equivalent to those of the participatory exam were provided in advance to students. Thus the same criteria were used in grading both exams.
C. ALN Tools
Virtual Classroom™ (VC) and WebBoard™ were the two asynchronous conferencing tools used to facilitate the participatory exam processes discussed in this paper. VC was used at NJIT for over a decade and was where the first exam was conducted. WebBoard™ use began in semester II and served as the environment for the second and the third semesters. Both systems have "conferences", which are separate threaded discussion areas for a topic where students can post, read and reply to comments of others. In semester I three conferences were constructed on VC for the exam. One dealt with administrative information on the exam process; one served as the main conference where all the questions, answers, and grades were posted; and the last one was reserved for Ph.D. students and the instructor for managing the second round of grading. In semesters II and III, one main conference was created in WebBoard for the main exam activities; administration information and students' feedback were posted in the regular general administration and feedback conferences for that semester. In all three semesters, several important announcements, such as how to compose a question and grading procedures, were posted on the course web site.
Utilizing ALN tools in implementing the participatory exam provided many benefits. In addition to allowing students to read their peers entries as discussed earlier, online tools streamline the management of the exam process for both instructors and students (e.g., making postings immediately available for processing among a large number of people and tracking participant progress in the process). Online tools also facilitate anonymity. Intermediate graders used online tools to discuss grading challenges. Furthermore, ALN provides the means for distance and online students to utilize this alternative exam approach.
III. RESEARCH MODEL, HYPOTHESES, AND RESEARCH DESIGN
A. Research Model, Research Questions, and Hypotheses
As discussed in previous sections, the participatory online exam can be considered as a unique online learning process. Based on the Online Interaction Learning Model by Benbunan-Fich, Hiltz, and Harasim [22] , an input-process-output collaborative examination research model is presented in Figure 2 .
• In addition, course characteristics and student characteristics are examined as attribute variables in the research model.
It is necessary to point out that students received their grades before they answered the survey, therefore grade is placed as an intervening variable that may affect perceived enjoyability in the exam process and exam outcomes (perceived learning, perceived fairness in grading, and recommendation). First, students' feedback on the participatory exam is investigated. No specific hypotheses are stated for questions 1-5 as not enough previous studies can be drawn upon: Q1. Did students enjoy the participatory exam process? Q2.
How do students' grades distribute in the participatory exam? Q3.
Did students think they learned through the participatory exam process? Q4.
Did students think the participatory exam grading system was fair? Q5.
Would students recommend the participatory exam in future courses? Questions 6 and 7 investigate the relationship among students' feedback on the participatory exam with specific hypotheses below:
Q6.
Is there an association between grades and students' perceptions of the participatory exam process? H1: Students' grades will positively correlate with the perceived enjoyability of the participatory exam process. H2:
Students' grades will positively correlate with their perceptions of the participatory exam outputs (H2a: perceived learning; H2b: perceived fairness in grading; H2c: recommendation). Q7.
Is there an association between enjoyability of the exam process and students' perceptions of the participatory exam process? H3: Students who perceive higher enjoyability will report higher perceptions of the participatory exam outputs (H3a: perceived learning; H3b: perceived fairness in grading; H3c: recommendation). H4:
Students who report higher perceived learning will recommend the participatory exam process more. H5:
Students who report higher perceived fairness in grading will recommend the participatory exam process more. Question 8 and 9 examine student and course characteristics and their effects on students' perceptions of the participatory exam. No specific hypotheses are designed as not enough previous studies can be drawn upon: Are there differences in students' perceptions of the online participatory exam among students with different backgrounds (e.g., age, gender, etc.)? Second, the participatory exam is compared with the traditional exam in a field experiment in the third semester. Question 10 compares the traditional exam with the participatory exam with the specific hypotheses listed. Based on previous studies on online learning and online assessment, it is hypothesized that the participatory exam will be superior to the traditional exam, except for perceived fairness in grading, which was a main concern in the first two surveys [16, 17] .
Q10. How do students' perceptions differ between those taking the traditional exam and the participatory exam? H6a: Students who participate in the participatory exam will have higher enjoyability of the process than students in the traditional exam. H6b: Students who participate in the participatory exam will receive higher grades from the instructor for their answers than students in the traditional exam. H6c: Students who participate in the participatory exam will report higher perceived learning than students in the traditional exam. H6d: Students who participate in the participatory exam will report lower perceived fairness in grading than students in the traditional exam. H6e: Students who participate in the participatory exam have higher overall preference for the exam than students in the traditional exam. Hypotheses are shown in the research model in Figure 2 with corresponding numbers.
B. Evaluation Method: Surveys and Field Experiment
To evaluate the participatory online examination processes, surveys were conducted within a couple of days after the examination processes finished. The questionnaires were distributed in the classroom to FTF students and were put on the course web site for downloading for DL students. In semester III, two different questionnaires were designed for the online exam and the in-class traditional exam respectively. Table 1 shows the number of students in each semester and the response ratio in all three surveys. As can be seen, the return rates in all three surveys are favorable. The instructor assigned three extra credit points towards the course grade for participation in the survey. In semester III, both questionnaires were made available to be directly filled out online; this convenience resulted in high response rates.
Questions in all three surveys for the online exams were kept the same wherever possible for comparison, and changes were made only to accommodate the minor changes in the exam process each semester. In addition, the questionnaire used in the in-class traditional exam in semester III has matching questions to the online collaboration exam questionnaire. In this way, comparison can be made in the data collected from all three semesters, as well as in-depth comparison between the two exam modes in the third semester. Some questions were adapted from the "Course Questionnaire -Virtual University Project" [1] . 5-point Likert-type scales were used in the surveys. Results in the following sections are scored on a basis of 1-5, where SA: Strongly Agree=5; A: Agree=4; N: Neutral=3; D: Disagree=2; SD: Strongly Disagree= 1.
IV. RESEARCH FINDINGS I -SURVEY RESULTS OF PARTICIPATORY EXAMS IN SEMESTERS I, II AND III
The raw data, gathered over three semesters, were analyzed using SPSS™. This section reports the survey results of the online participatory exams in the three semesters. Factor analysis is discussed in subsection A, whose results (factors) are used to organize the results of the participatory exam (Subsections B-F). Subsection G presents a correlation analysis among the factors. The final subsections analyze the effects of course characteristics and student characteristics.
A. Factor Analysis and Reliability of Scales
Factor analysis is used to uncover the common underlying factors in students' perceptions of the participatory exam. Principle component factor analysis with Oblimin rotation method was used as factors are not expected to be orthogonal, or unrelated, as the research model shows. Using the 190 subjects' responses in the participatory exam mode, three factors are found corresponding to the constructs in the research model: exam process enjoyability (4 items), perceived learning (9 items), and perceived fairness in grading (6 items). Reliability analysis of the factors show Chronbach's alpha above the .7 level, except for the enjoyability scale (at the .69 level). See the alpha value for each construct below tables in Subsection B.
The following subsections are organized based on the main constructs in the research model and factor analysis results, including: enjoyability of the exam process, grades, perceived learning, perceived fairness in grading, and recommendation. Because of the procedural adjustments in the three participatory exams, results are analyzed individually for each semester rather than combined in order to allow detailed examination. Further, to find out whether there are significant differences among the three semesters, a non-parametric test (Kruskal Wallis) is used and results are reported. A non-parametric test is used because normality tests reveal that the survey results in participatory exams are not normally distributed. Table 2 explores Q1: did students enjoy the participatory exam process? Students reported that the exam provides a comfortable timeframe, flexibility in organizing their resources, is less stressful, and they enjoyed the exam process in all three semesters. However, the results from semester II are less positive than the other two semesters. The response to the question "the exam provided a comfortable timeframe" was significantly lower in semester II (mean=3.3 out of 5) than the other two semesters (mean=4.0, 3.9) at .05 level. A system crash in the middle of the exam process and the adjusted schedule are speculated to be related to the survey results in semester II. This result demonstrates that the online participatory exam is vulnerable to technological glitches. On the other hand, though results were less positive with system problems, they were still positive, which is important to know in a world in which malicious attacks on systems may bring them down at any time. 
B. Enjoyability of the Exam Process
C. Grades
The unique grading phase of the exam features three levels of grading: student grading, intermediate grading, and instructor's grading. To answer Q2: how do students' grades distribute in the participatory exam, three grades are compared and normality tests are conducted. Figure 3 shows distributions of grades as students reported in the three questionnaires. Note the maximum grade for student grading was 100 points, 105 points for intermediate grading, and 115 points for instructor's grading. Extra credit points were awarded by intermediate graders and the instructor in accordance with the instructor's grading guidelines. As can be observed in Figure 3 , most students gave each other high scores; however, intermediate grading and the instructor grading have increasingly enhanced the even distribution of grades compared with student grading. This is confirmed in the Skewness and Kurtosis scores in 
D. Perceived Learning
To investigate Q3: Did students think they learned through the participatory exam process, answers to the nine items related to perceived learning are analyzed. The majority of students in all three semesters agreed that all exam phases were part of the learning process (Table 4) . Students learned from making up questions, reading all questions online designed by their peers, and grading. It is interesting to note the steady increase in perceived learning in the question composition stage (mean= 3.41, 3.52, 3.62). This may be attributed to the fact that students were only required to make up one question the first semester, while in the second and third semesters, the number increased to two. Also note that the perceived learning from looking at all the other questions is the highest in the second semester, and the lowest in the third semester. The difference is significant at the .05 level using the Kruskal Wallis test. The higher perceived learning in semester II may be attributed to the fact that two questions were solicited rather than one in semester I, and students were initially required to select two questions on their own for answering. The lowest perceived learning in semester III may be due to procedure change where students were assigned questions rather than picking questions themselves. In terms of the grading phase, it is perceived as the most valuable learning activity in semester I (mean=3.82) while in semester II it ranks the lowest (mean=3.41). This result may be a consequence of the system crash and the reassignment of half of the graders to questions which they did not author. Students were also asked to compare this exam process with the traditional one on questions related to learning (Table 5 ). More than half of the students rated the online exam better than the traditional exam. Yet it appears that slightly fewer students thought so in the third survey than the previous two surveys. The answer to the question "I mastered the course material" is most positive in semester II and least positive in semester III. The difference is significant at .05 level using Kruskal Wallis test. This may be attributed to the fact that when the online exam was launched in Fall 1999, it was a totally new experience to students. Since the first two surveys demonstrated favorable results, some other classes adopted this process. Therefore when the third survey was conducted in Fall 2000, this exam was not novel to some students anymore. This can be seen as at least 30% of students' reponses to all the questions are "no difference" between online and traditional exam in the third survey. It shows they did not perceive the process to be as stimulating in motivating learning and extra work as before. Table 6 reports students' responses to the participatory exam's quite unique grading process to investigate Q4: Did students think the participatory exam grading system was fair? The answer to the question "the grading process was fair" fluctuated around neutral for the three semesters. Part of the reason for the unfavorable attitude towards the grading process in the second semester may be due to the reassignment of graders. Students continue to question the grading capability of their peers (mean= 3.07, 2.73, 2.63), and express increasing favor towards having the instructors do all grading (mean=3.27, 2.35, 2.25), which is significant at the .05 level using the Kruskal Wallis test. It is noticeable that second round (Ph.D. student) graders' ability to improve grading fairness was agreed to by the majority in all three surveys (mean=3.25, 3.31, 3.12). Although this may suggest that having qualified second round graders was a good approach in this exam process, it is not generally practical to find Ph.D. students for every class. In terms of question design, students' assessment of their own abilities in designing good questions to measure the learning objectives of the course dropped from 3.22 in the first two semesters to 2.65 in the third semester. The difference is significant at the .05 level using Kruskal Wallis test. Yet considering students in the third exam were only required to read the two questions assigned to them, they may not have read enough questions to estimate question quality. 
E. Perceived Fairness in Grading
F. Recommendation
Overall, students were asked whether they would recommend the participatory exam process to be used in other courses in the future (Q5). Results (Table 7 ) from the three surveys show an increasingly strong recommendation of the process to be used in the future, though the mean difference is not significant. 
SO -Strongly Oppose; O -Oppose; N -Neutral; R -Recommend; SR -Strongly Recommend
Thus, the study indicates that students report subjective favorable attitudes with the participatory exam in general.
G. Correlations Among Constructs
Correlation analysis was conducted to find the relationships among the main factors. First, analysis is conducted to investigate (Q6): is there an association between exam grades and students' perception of the participatory exam process. It is hypothesized that students' exam grade is positively correlated with students' perceived enjoyability of the exam process (H1). In addition, it is hypothesized that students who receive higher grades would report higher perceived learning through the exam process (H2a), higher perceived fairness in grading (H2b), and higher recommendation to use the exam in the future (H2c). In this analysis, the average of the student grader's grade, the intermediate grader's grade, and the instructor's final grade was used as the grade for the participatory exam students. Given that the average grade is not normally distributed, nonparametric correlation analysis is used. Results show exam grade is significantly correlated with perceived learning (Spearman's rho= .234, p<.01), perceived fairness in grading (Spearman's rho= .360, p<.01), and recommendation (Spearman's rho= .182, p<.05), although the correlations with perceived learning and recommendation are weak. The correlation with the enjoyability factor is not significant. The result supports hypotheses 2a, 2b, and 2c, but not hypothesis 1.
Second, analysis was conducted to investigate (Q7): Is there an association between enjoyability of the exam process and students' perception of the participatory exam process? It is hypothesized that students who perceive higher enjoyability report higher perceived learning (H3a), higher perceived fairness in grading (H3b), and higher recommendation to use the exam in the future (H3c). Results show the enjoyability factor is significantly correlated with perceived learning (Spearman's rho= .396, p<.01), perceived fairness in grading (Spearman's rho = .209, p<.05), and recommendation (Spearman's rho= .575, p<.01), although the correlation with perceived fairness is weak. The results support hypotheses 3a, 3b, and 3c.
Third, the correlations among the output variables are investigated. It is hypothesized that recommendation of the process is positively associated with perceived learning (H4) and perceived fairness in grading (H5). Results show that recommendation is significantly correlated with perceived learning (Spearman's rho= .545, p<.01) and perceived fairness in grading (Spearman's rho= .432, p<.01).
The results support hypotheses 4 and 5.
H. The Effects of Course Characteristics
In order to find out whether the mode in which the sections were offered (DL vs. FTF) had any effects on students' perceptions of the participatory exam (Q8), Mann-Whitney tests were conducted on dependent variables. In the majority of the variables, there was no significant difference between the two exam modes. Table 8 shows the four items for which significant differences exist. In the two items related to enjoyability (flexibility in resources, enjoyed the process), DL students reported higher positive perceptions than the FTF students in the three semesters in most cases, and the differences in both items are significant in semester I. In semester II, DL students reported that they enjoyed the exam less than the FTF students. This may be attributed to the system crash and the procedural changes, which may have caused more stress on DL students than FTF students. In the two items related to perceived learning (value others' viewpoints, stimulated to read more), DL students reported less learning in valuing others' points of view (significant at .01 level in semester II) but being more stimulated to read more (significant at .05 level in semester III) through the exam. The effects are consistent in all three semesters. This result may suggest that the participatory exam encouraged DL students to read more on their own while it encouraged FTF students to learn more from other students. 
I. The Effects of Students' Characteristics
In addition to course sections, students' background information was also collected and analyzed to examine whether prior differences among students affect students' perceptions of the participatory exam (Q9). Data collected include age, gender, English as the native language, prior distance learning experience, course expectations (e.g., expected course grade, expected course difficulty level), etc. While other background characteristics do not yield significant or consistent impacts on the results, English as native language does show a significant and repeated effect on students' perceptions of learning throughout the three studies. Given that the research was conducted in a graduate program in an urban university located in the metropolitan East coast region, non-native English speaking students outnumbered native English students each semester (57.1%, 65.3%, 51.9% in semesters I, II, III respectively). Mann-Whitney tests were conducted on all the dependent variables. While there was no significant differences found in grades, exam process enjoyability, perceived fairness in grading, or recommendation of the process to be used in the future, significant differences were found in seven out of the nine items on perceived learning. Table 9 shows the seven items that have significant differences between students with or without English as the native language. In all semesters, students who are not native English speakers reported higher perceived learning on all seven items than students who are native English speakers, except for one item (stimulated to read more) in semester III which was not significant. Noticeably in all semesters, non-native English speaking students reported significantly higher perceived learning in making up exam questions than English speaking students. Non-native English speaking students also reported higher perceived learning in valuing others' points of view than English speaking students through the exam process, and the results were significant in semesters II and III. 
V. RESEARCH FINDINGS II -EXPERIMENT RESULTS COMPARING THE PARTICIPATORY EXAM AND THE TRADITIONAL EXAM IN SEMESTER III
The analysis in Section VI draws from data of the 190 returned questionnaires in the participatory exam in the three semesters. This section reports the field experiment results for the third semester, where 52 questionnaires were collected from the participatory exam and 41 from the traditional exam. The question is: (Q10) How do students' perceptions differ between those taking the traditional exam and the participatory exam? It is hypothesized that compared with the traditional exam, students in the participatory online exam mode report higher enjoyability of the process (H6a), receive higher grades from the instructor (H6b), have higher perceived learning (H6c), lower perceived fairness in grading (H6d), and have higher overall preference for the exam mode (H6e).
The common items used in the two questionnaires for the two conditions are used for comparison. Similar factors as from the participatory exam surveys are extracted, such as enjoyability of the exam process (2 items: I felt under much pressure taking the exam this way; I enjoyed the exam process), perceived fairness in grading (2 items: I felt the grading process was fair; The grading criteria given by the professor were explicit enough), and perceived learning (6 items: as listed in column one of Table 5 ). Figure 4 compares the means of all the items organized by main factors in the two exam modes. Summarizing the results as discussed in Sections IV and V, Figure 5 presents the significant differences and correlations among the variables in the research model. 
VI. DISCUSSION AND CONCLUSIONS
Students' answers to the two-opened questions in the surveys provide further insights into what they liked and disliked most about the participatory exam process. For example, the most appreciated features of the participatory exam include flexibility in time and resources, and less pressure (e.g., "The best part about the online exam process was the capability and the time to thoroughly review and research the articles that were covered during the semester," "It gives me less pressure, and I think it is more flexible to really learn the knowledge"). Related to the flexibility is higher perceived learning (e.g., "I like the idea that I can take my time thinking about the answers instead of jumping to a quick conclusion," "The great thing is that we are given time for critical thinking"). In terms of the open-book exam format, students commented that this better resembles real-world situation when "faced with a problem to solve", and "memorization skills (were) not a requirement for this type of exam which most traditional closed-book would have required." Using ALN systems, students also valued the exam experience as supporting learning from each other, from question design (e.g., "(the exam allowed me to) view a range of questions over different fields of information systems"), to answering (e.g., "I gathered others view on a particular subject"), to grading (e.g., "the views of the person answering questions also made me think and look into the course materials to evaluate the answer"). To summarize the advantages of the online exam using student's comments, the participatory exam "provided the true experience of distance learning."
In describing what they liked least about the process, student concerns center around the grading process. For example, students commented: "some of the grading is very subjective based on the answer," "Students should not be allowed to grade papers as they are not necessarily capable of providing the correct judgment on what constitutes a right answer for the questions they set." Despite the fact that students tend to give better scores than the instructor (Figure 3 ), students continue to question the grading capability of their peers, and express increasing favor towards having the instructors do all grading. This seems to suggest that the perceived fairness in grading relies more on the authority of the grader than the grades students receive. While the validity and reliability of peer grading has been established in previous meta-analysis studies [23, 24] , students still seem to lack confidence in themselves in grading other's answers, nor do they trust their peers for grading their answers. Yet the ability to critically evaluate other's work is essential in people's professional life [25] , and should be fostered in school education. Indeed, some students reported that the grading process provided "the opportunity to learn about how to grade an answer", and allowed students to "see both sides of the learning process: one side, the view of a student to who is trying to pass a test, and the other side is from the prospective of the professor."
One approach would be for the instructor to evaluate the grading. In preparation, he or she could prepare several high and low quality answers for training students. Training students to be better graders could ameliorate the feeling that grading performed by many people would result in uneven qualify. Training, of course, is used by major testing services to ensure uniform grading in standardized test essay questions.
Another, perhaps counter-intuitive approach would be to structure ways for students to dispute their grade if they feel it is too high. Doing so would be instructive for the disputing student, who would have to justify why his or her work was overrated, for the graders who potentially overrated, and the instructor. One could award bonus points greater than the grade if the dispute were successful. The graders could optionally lose points for grading poorly.
In addition to grading, students also pointed out a number of areas for future improvement. For example, the exam process was "too lengthy" and "time consuming." Some pointed out that the syllabus needs to be adjusted to better incorporate the exam with other course assignments and projects. A few comments were made calling for "a greater involvement on the part of the instructor" and "more interactions with the instructor." Although plagiarism was not found in the participatory exams in the three semesters, some students suggested that "the grading should be more stringent."
The results of comparing DL to FTF classes reveal that in general the participatory exam worked equally well in both DL and FTF classes. Some differences were found such as DL students reported enjoying the exam more, and were more likely to be stimulated to read more, while FTF students reported being more likely to learn to value others' viewpoints. The participatory exam also worked equally well for students with different backgrounds, such as age, gender, prior distance learning experience, and course expectations. Differences were found in perceived learning related to English as the native language; students whose English is not their native language reported higher perceived learning from the online exam. The result suggests that the unique features of the online participatory exam, such as a democratic atmosphere [26] , a culture of reflection [27] , active construction of knowledge [28] , and less time pressure may be more beneficial to those non-native English speakers.
Removing the ALN environment would seriously impoverish the collaborative exam. Reading how peers crafted questions, answers and grade justifications is an integral component of how students construct knowledge. Removing the technology also would slow down the process, and complicate information passing and editing questions. It also would hamper participation by online students.
Further improvements to the ALN environment could better support student learning and instructor management. Both students and instructors could utilize repositories of exam instructions, questions, answers and grade justifications. Students could study these to learn from prior efforts. Repositories could prove useful training tools; instructors could point to both good and bad examples, and these could be annotated and discussed online. Instructors also may find others' efforts useful in designing and refining exam components for their own classes.
Instructors further could use a combination of templates, guidelines and training examples to guide students in question design, how to answer questions appropriately, how to justify grades, and how to craft a dispute. Templates, for instance, explicitly show categories that a proper question, answer or grading justification should incorporate.
Learning could be enhanced by having students work in teams to design, answer and grade questions. One area of research currently underway is based on collaborative learning theories [29] and online interaction studies in ALN research [4] . The aim is to investigate whether the participatory exam process as described in this paper can be further enhanced through small group activities.
In conclusion, this paper reported longitudinal evaluation results for the online participatory exam, which inherently embraces constructivism by actively involving students in the entire exam life cycle. The overall favorable results revealed in the evaluation suggest that the ALN environment is not only capable of supporting constructive learning activities, but in particular online exam processes to further enhance learning. This challenges researchers and instructors to reconceptualize other traditional teaching aspects as learning activities that fully utilize ALNs potential for online learning.
